The concept of home ranges has been challenged because of difficulties in quantification and calculation (White and Garrott 1990 ). Yet, many animals occupy a limited spatial area for much of their lives; quantifying this area can reveal much of the social dynamics, energetics, and habitat requirements of a species. Few terrestrial animals are truly nomadic; for most, a familiar area reduces the energy needed to find food, water, shelter, and mates and facilitates escape from predators (Metzgar 1967; Vaughan 1978) . Long-term site fidelity was documented in coyotes (Canis latrans- Kitchen et al. 2000) , whereas home-range shifts due to changes in occupancy and food resources were documented in bobcats (Lynx rufus- Griffith and Fendley 1986) and red foxes (Vulpes vulpes-Doncaster and Macdonald 1991) .
White-nosed coatis (Nasua narica) are medium-sized carnivores that range from Panama to southern Arizona, New Mexico, * Correspondent: cchass@theriver.com and Texas (Gompper 1995; Kaufmann et al. 1976) . They live primarily in woodland or tropical-scrub habitats, and their diet typically consists of fruit and invertebrates (Gompper 1995; Kaufmann 1962; Valenzuela 1998) . Males average 25-30% heavier than females (Gompper 1996; Valenzuela 1998) . Females live in social groups, here called troops, composed of adult females and their offspring. At 2-3 years of age, males leave their natal troops to begin a solitary existence, except during a brief annual mating season. Females usually remain with their natal troops (Gompper 1997; Gompper et al. 1998; Kaufmann 1962) . Adult females leave the troop to give birth by themselves, not regrouping until their offspring are 5-6 weeks old (Kaufmann 1962; Russell 1982) .
Home ranges of coatis vary throughout their geographic range, generally increasing in area with latitude (Valenzuela and Ceballos 2000) . Previous studies report extensive intra-and intersexual overlap of home ranges. Studies at the northern extent of their range have been limited. In Arizona, solitary males studied for 6 months had home ranges of about 1.8 km 2 (Lanning 1976) , and females studied during the parturition season had home ranges of about 2.0 km 2 (Ratnayeke et al. 1994 -home ranges calculated using minimum-convex polygon). Extensive movements of coatis in Arizona were noted, leading to the suggestion that coatis may be nomadic or seminomadic in this part of their geographic range (Kaufmann et al. 1976; Wallmo and Gallizioli 1954) .
Objectives of this study were to describe the size and shape of home ranges of coatis near the northern extent of their geographic range, examine intra-and intersexual overlap of home ranges and core areas, and examine yearly changes in home ranges and core areas to test the hypothesis that coatis in Arizona are nomadic.
MATERIALS AND METHODS
Study area.-The study was conducted in the Huachuca Mountains of southeastern Arizona during 1996-2000. The study area encompassed the northeastern quarter of the mountain range (31Њ25Ј-31Њ35ЈN, 110Њ16Ј-110Њ25ЈW) and included lands managed by the Fort Huachuca Military Reservation, the Coronado National Forest, and The Nature Conservancy. Elevations in the study area range from 1,400 to about 2,450 m, with woodland savanna (Quercus, Juniperus) at lower elevations, Madrean evergreen forest (Quercus, Pinus, Juniperus) at midelevations, and montane conifer forest (Pseudotsuga, Pinus, Abies, Quercus) at the highest elevation. Deciduous riparian woodland (Populus, Platanus, Fraxinus, Juglans, Acer) borders permanent and intermittent streams. Climate is semiarid, with average minimum temperature of 2.5ЊC during January and average maximum temperature of 33ЊC during June. Annual rainfall averages about 400 mm, with half falling during July-September.
Captures, telemetry, and density estimation.-Coatis were captured in live traps (Tomahawk Traps and Equipment, Tomahawk, Wisconsin) and immobilized with a 5:1 mixture of ketamine and xylazine (Seal and Kreeger 1987) .
Standard morphometrics were taken, and some adults were fitted with radiocollars with mortality sensors (16 MC, about 100 g; Advanced Telemetry Systems, Inc., Isanti, Minnesota). Coatis were released at their site of capture after recovery from anesthesia. Radiocollared animals were located 1 to 2 times per week. All radio tracking was done on foot, using a Telonics TR-2 receiver (Telonics, Inc., Mesa, Arizona) and a 3-element Yagi antenna. Whenever possible, animals were relocated at intervals of 1-2 h to allow calculation of movement rates.
Fixes were obtained by approaching animals close enough for visual or auditory contact, by using signal strength in relation to topography, or by estimating by triangulation (White and Garrott 1990) . Error for the latter 2 methods was calculated by placing 16 test collars in 3 mountainous habitats at Fort Huachuca. The locations of 3 more collars were estimated while recovering carcasses of tagged animals. Error was calculated as the distance between estimated and actual location (Zimmerman and Powell 1995) . All test transmitters were located Ͻ0.6 km from the receiver, which was the usual triangulation distance. The mean error was 41 m, with a 95% confidence interval (CI) of 26.9-55.0 m. Error of the transmitter location increased with distance from the receiver according to the equation, error ϭ 0.19 ϫ distance ϩ 12.00 (F ϭ 12.68, d.f. ϭ 1, 17, R 2 ϭ 0.43, P ϭ 0.0024). Triangulated fixes estimated to be Ն2 km from the receiver were excluded from analyses.
Density of coatis was estimated each autumn by censusing each troop to determine total group size and age composition. Radiocollars were used to locate troops and make a detailed count of the numbers of adult females, yearlings, and kits. Number of adult males was estimated by assuming a 1:2 (males to females) adult sex ratio (Hass and Valenzuela 2002) . Density estimates were calculated by dividing the numbers of coatis by the area of a convex polygon surrounding all fixes (155.33 km 2 ). These values represent the minimum number of coatis estimated to be alive in the core study area during the time of year when troops are at their maximum. When a troop no longer had a radiocollared member, due to mortality or radiocollar failure, careful searches of the home ranges of the troop were made to look for fresh coati sign, including diggings, scratches, and tree nests (Kaufmann 1962) . This sign was readily apparent when a troop was in the area. In addition, records of coatis sighted by other biologists and recreationists were used to confirm presence of coatis in these areas. If sign was found, but the troop not observed, the last known group size was used for density calculations minus any known mortalities.
Calculation of home range.-Home range was represented by a utilization distribution, which calculates the probability of finding the animal at a given location (Anderson 1982; Jennrich and Turner 1969; Powell et al. 1997; Worton 1989 ). Sizes of home ranges and core areas were calculated from a fixed-kernel density estimator (Seaman and Powell 1996; Worton 1995) , using Ranges V software (Kenward and Hodder 1996) . The reference smoothing method, calculated as the standard deviation divided by the 6th root of n, where n is the number of locations, was used instead of least-squares crossvalidation (Powell et al. 1997; Seaman and Powell 1996; Worton 1989) , because the latter removed too much area between isolated locations. A fixed-kernel density estimator with this smoothing factor also appears to be less sensitive than other methods to small sample sizes (Blundell et al. 2001; Seaman et al. 1999) . Utilization plots were used to identify core areas, home ranges, and peripheries (Hanski et al. 2000; Powell et al. 1997 ) by examining the incremental increase in area for each 5% addition of fixes. For comparison with previous studies, areas of 95% minimum convex polygons are also presented.
The importance of autocorrelation in influencing home-range size remains, to some extent, controversial. Some authors stress the need to minimize autocorrelation (Harris et al. 1990; Swihart and Slade 1985; Worton 1987) . Others point out that within a home range, most if not all samples will be autocorrelated, and losing data by removing autocorrelated samples is a more serious issue (Blundell et al. 2001; Powell 1987; Reynolds and Laundré 1990; Rooney et al. 1998; Swihart and Slade 1997) . The time it takes for an animal to cross or circumnavigate its home range has been suggested as a measure of biological independence (Harris et al. 1990; Otis and White 1999; Rooney et al. 1998; White and Garrott 1990) . Movement rates were used to estimate the amount of time necessary for a coati to cross its home range.
Because adult females within troops are found together Ն95% of the time except during the parturition season, the troop was considered the unit for analysis irrespective of how many females were radiocollared in each troop. The troops in this study seldom were observed in foraging subgroups as in other studies (e.g., Gompper 1997) . Of 1,208 fixes on marked females outside the mating or perinatal periods, in only 25 (2%) were they observed away from their usual troop. Adult males were usually solitary and were analyzed individually. Movement patterns of coatis differ during the mating season (mid-March to mid-April in Arizona) for both sexes (Gompper et al. 1997a ) and during the perinatal period (mid-June to early August in Arizona) for females (Kaufmann 1962; Ratnayeke et al. 1994; Valenzuela and Ceballos 2000) , so locations collected during these periods were removed from analyses. Adult females leave the troop to give birth in isolation, with troops reforming when young are 5-6 weeks old. For analytical purposes, the ''coati-year'' began with re-formation of the troops in early August and continued until they split up in the next June, excluding the mating season. For males, the year included August through the next July, excluding the mating season. Collection of data began during January 1996; locations gathered before June 1996 were included with the 1996-1997 estimates. Data were collected year round until June 2000. Overlaps within and among troops and males were calculated from the overlap of core, home range, and total-use isopleths. The area of overlap was calculated using Manifold System 4.5 geographic information system (CDA International 1997), and percentage of overlap was calculated as the geometric mean of the overlapping areas on each home range (Minta 1992) . To determine if coatis were nomadic or if significant range drift in home-range location was occurring, home ranges were compared for all troops and males monitored for Ն1 year. Changes in the locations of home ranges were calculated in 2 ways: 1st, as percentage of home range in 1 year that was no longer incorporated in home range of following years; 2nd, as difference in bivariate medians among years (Berry et al. 1984) . Bivariate medians were calculated using Blossom software (Slauson et al. 1994) . If coatis are nomadic or seminomadic, it is expected that, with increasing time, percentage of overlap of home ranges would decrease and dif- ferences in median values would increase. But if core areas reflect resource availability, core areas may shift to some extent from year to year, whereas boundaries of home ranges remain relatively constant. The proportion of fixes and sizes of core areas and home ranges were compared using a multiresponse permutation procedure, with variables commensurated to account for different measurement scales (Berry and Mielke 1992; Slauson et al. 1994) . This procedure makes no assumptions regarding underlying distributions and provides a powerful alternative to nonparametric tests (Biondini et al. 1988; Mielke 1991) . Other statistical analyses were conducted using Stata (StataCorp 1997). Significance was set at P Ͻ 0.05, with adjustments made for multiple comparisons and with alpha divided by the number of comparisons (Sokal and Rohlf 1981) .
RESULTS
Seventy-three coatis were captured and marked between January 1996 and June 2000. This included 17 adult males and 39 adult females, of which 13 males and 26 females were radiocollared. The females belonged to 9 troops. Because of high mortality (Hass and Valenzuela 2002) and radiocollar failures, 5 males were monitored using telemetry for about 1 year, and 1 of these males was monitored for 2.5 years. An additional 7 males monitored for Ͻ5 months were excluded from analysis. Nine troops were monitored by telemetry for 1 year, 6 troops for 2 years, and 2 troops for all 4 years. The 2 troops monitored for 4 years contained animals that had been marked during 1996 and remained with the same troops for the duration of the study. No other troops were detected in the study area.
Density of coatis during autumn declined each year in the study area. Densities were 1.2 coatis/km 2 during 1996, 0.8 coatis/km 2 during 1997, 0.6 coatis/km 2 during 1998, and 0.4 coatis/km 2 during 1999 (Table 1) . Monitoring of 6 troops ended when predators killed the radiocollared animals, or the radios failed. In 4 cases, no sign was ever detected from the troops again, and they are believed to have died or disbanded and joined other troops. In all 4 cases, there were 4 or fewer adult females left when the troop disappeared. In 2 instances, marked adult females transferred from a disappearing troop to another troop. In 1 case, the FIG. 1.-Examples of plots used to determine core areas and home ranges of white-nosed coatis. Plots were calculated from fixed-kernel density estimators. Top) Utilization plot for troop 6, 1997, n ϭ 27 fixes. Bottom) Plot for male B, 1996, n ϭ 60 fixes. Core areas and home ranges were determined separately for each year on each male and each troop.
female remained with the new troop Ն4 months, in the other, Ն2.5 years. Three troops that were censused annually throughout the study, 2 by radios and 1 by radios and then visual contact, decreased from an average of 10 adult females during 1996 to 3 adult females by early 2000.
Movement rates for coatis averaged 58 m/h Ϯ 16 SE (n ϭ 346) for males, and 77 Ϯ 6 m/h (n ϭ 915) for females. Movement rates per diurnal active period were 1.39 Ϯ 0.39 km/day (95% CI, 0.62-2.15 km/day) for males and 1.86 Ϯ 0.14 km/day (95% CI, 1.58-2.13 km/day) for females. Average maximum distances across home ranges were 3.66 km Ϯ 0.42 SE for males and 5.93 Ϯ 0.30 km for females. Traveling at the average speed, males could cross their home ranges in 2.6 days, or 1.7 days at 2.15 km/ day, the upper 95% limit. Females could cross their home ranges in 3.2 days on average or in 2.8 days at the upper 95% limit. But both males and females were observed to cross their home ranges in Ͻ10 h. Here, I follow Minta (1992) in using only 1 fix per activity period (day), although significant autocorrelation still existed in the data (multiresponse sequence procedure, P Ͻ 0.001). The number of included fixes on individual males and troops ranged from 21 to 344 (1996, 26-81; 1997, 16-43; 1998, 18-60; and 1999, 25-34) . Home-range size was not correlated with the number of locations (r ϭ 0.10) nor the number of months monitored (r ϭ Ϫ0.05). Home ranges from individual males and troops calculated with Ͻ25 fixes were not included in summary statistics of home-range size but were included in analysis of homerange overlap.
Core areas and home ranges.-Utilization plots depicted 3 use areas: core areas included 35-70% of the fixes, home ranges included 85-95% of the fixes, and the peripheries included the outlying 5-15% (Fig.  1) . These areas were identified individually for each troop and male each year. Determination was to some extent subjective, but in general the incremental increase in area was Ͻ5% for core areas and Ͼ25% for peripheries. Although core areas accounted for 35-70% of fixes, they covered only 8-22% of total area (mean Ϯ SE: 16 Ϯ 0.8%). Home ranges covered 36-82% of total area (61 Ϯ 2.0%).
The sizes of core areas, home ranges, and total-use areas did not differ among years for either sex (multiresponse permutation procedure, P Ͼ 0.80 for all). During 1996, the year with the greatest number of radiocollared animals, female coatis had significantly larger core areas (T ϭ Ϫ7.8654, P ϭ 0.0001), home ranges (T ϭ Ϫ3.5561, P ϭ 0.0064), and 100%-use areas (T ϭ Ϫ3.3502, P ϭ 0.0087) than did males. During all years, female core areas averaged 3.41 km 2 (n ϭ 9) and male core areas averaged 1.32 km 2 (n ϭ 7). Home ranges averaged 13.57 km 2 for females and 6.11 km 2 for males. Total use areas averaged 22.38 km 2 for females and 11.06 km 2 for males (Table 2) . Home ranges and core areas of males tended to follow streams with permanent water. Home ranges of troops typically encompassed several drainages, but core areas also tended to follow permanent streams (Fig. 2) . Some troops had multiple core areas in some years.
Spatial and temporal overlaps were extensive both within and between species (Fig. 2) . During 1996, the year with the most radiocollared animals, core areas of males overlapped up to 85%, with an average of 30% among 3 of 15 dyads whose core areas overlapped. Core areas of males overlapped core areas of troops by up to 67%, and core areas of troops overlapped those of other troops by up to 86% (Table  3) . Core areas of 3 of the 6 monitored males did not overlap core areas of other males. Core areas of all males overlapped core areas of 1-3 troops, and core areas of troops overlapped those of 1-2 other troops. Home ranges also showed extensive overlap, with home ranges of males overlapping home ranges of other males up to 61%, home ranges of males overlapping those of troops up to 67%, and home ranges of troops overlapping each other up to 80% (Table 3) . Home ranges of males overlapped home ranges of 1-2 other males and 2-3 troops, whereas home ranges of troops overlapped those of 1-2 other troops. One male was radiocollared while still with his natal troop; after dispersal, his home range overlapped that of his natal troop by Ն50% (Fig. 2) . As densities declined from 1996 to 1999, overlap of core areas and home ranges also declined (Table 3 ; Fig. 2) .
Overlaps of core areas, home ranges, and total-use areas did not differ whether 1, 2, or 3 years apart (multiresponse permutation procedure, P Ͼ 0.30 for all; Fig. 3 ). Differences in medians among year classes also did not differ, averaging 858 m after 1 year (range, 334-1,833 m), 999 m after 2 years (range, 308-1,884 m), and 791 m after 3 years (range, 545-1,038 m; Figs. 3 and 4). These differences were not significant (multiresponse permutation procedure, T ϭ 1.308, P ϭ 0.9891).
During 1996, 2 marked male coatis began raiding gardens and bird feeders of residences located at the base of the mountains. These males were translocated from their home ranges to the far side of the mountain range, distances of 9 and 18 km. Both males returned within 4 months to reoccupy their respective home ranges.
Differences in both measures used to examine year-to-year changes in home-range location increased for the first 2 years and then decreased by the 3rd year. To determine whether there were circular tendencies in the locations of home ranges, median coordinates were plotted for each year for 1 Male A established its home range after dispersal from the natal troop (troop 5). One to 3 additional troops were known to be in the areas during 1998 and 1999 but were not radio tracked. Isopleths were calculated using a fixed kernel-density estimator. male monitored for 3 years and 2 troops monitored for 4 years. Movements of the male were unidirectional; however, movements by the 2 troops appeared more circular (Fig. 4) .
During the study, predators killed 19 radiocollared coatis. Sixteen of them were monitored long enough to estimate home ranges. Fifty-six percent (9/16) of these mortalities occurred in the peripheries of the total-use areas (the area including the outlying 5-15% of fixes). Using a resam- pling approach (Blank et al. 1999) , probability of 56% of predation-caused mortalities occurring in the area where coatis were located 10% of the time (1 minus meanhome-range-probability isopleth) was Յ0.00001. Three mortalities caused by non-predator-related injury and illness all occurred within home ranges (85-95% use areas).
DISCUSSION
In the time scale of this study, coatis showed no sign of nomadism; rather their home ranges were remarkably stable. Boundaries of home ranges shifted slightly from year to year, but home ranges during 1999 were more similar to those of 1996 than to those of any other year. Core areas showed less overlap from year to year than did home ranges and total-use areas. Percentage of overlap decreased and average median distance increased from the 2nd to the 3rd year. This may indicate a rate of resource renewal (the time delay for accumulation or recolonization of preferred food sources such as fruits and invertebrates). These factors suggest that core areas may reflect food abundance, which likely changes from year to year. More data on availability of invertebrates and fruits in this habitat are needed to test this hypothesis. Seasonal home-range drift has been reported for red foxes in some populations (Doncaster and Macdonald 1991) but not in others (White et al. 1996) . Coyotes not only maintained stable territorial boundaries during a 14-year period but also showed less overlap of core areas than home-range boundaries (Kitchen et al. 2000) .
Male coatis in Panama were highly related to troops whose home ranges they overlapped, suggesting that when males leave their natal troops, they establish home ranges nearby (Gompper et al. 1997a (Gompper et al. , 1998 . One male in this study, radiocollared while still with his natal troop, also established a home range overlapping his natal troop after dispersal. Such an arrangement may allow males to reduce direct competition with their relatives while remaining in a familiar area (Gompper et al. 1997a (Gompper et al. , 1998 .
Extensive intra-and intersexual overlap was found in this study. Overlap among males may have been more extensive than is presented here: more males were observed or tracked for short periods within or near home ranges of other males. Home ranges are expected to overlap where food resources vary in space and time (Sandell 1989) . Likewise, when females are unevenly distributed, home ranges of males may be expected to overlap. White-nosed coatis appear to fit this pattern throughout their geographic range (Kaufmann 1962; Saénz 1994; Valenzuela and Ceballos 2000) .
Home-range sizes of coatis in this study were larger than that of any previously published: home ranges of troops were Ͼ10 times larger than those in tropical rain forests (Caso 1994; Estrada et al. 1993; Gompper 1997; Kaufmann 1962 ) and 3 to 4 times larger than those in tropical dry forests (Saénz 1994; Valenzuela and Ceballos 2000-comparisons using minimum convex polygon) . Home ranges of males were 6-10 times larger than those in tropical rain forests but only 1.5 times larger than those in tropical dry forests of Costa Rica and Mexico (Caso 1994; Gompper 1997; Kaufmann 1962; Saénz 1994; Valenzuela and Ceballos 2000) .
Previous studies on coatis reported no differences between the sexes in homerange size or that home ranges of females were only slightly larger. Based on body mass alone, male coatis might be expected to have larger home ranges (Kelt and Van Vuren 1999; Lindstedt et al. 1986 ). Among many carnivore species, males have larger home ranges than do females (Gehrt and Fritzell 1998; Larivière and Messier 1998; Powell et al. 1997; Sandell 1989) ; however, coatis are unique among carnivores in having group-living adult females and solitary adult males (Gompper 1996; Kaufmann 1962) . Troops in western Mexico increased their home-range sizes during the dry season, but males did not (Valenzuela and Ceballos 2000) , suggesting that home ranges of female coatis reflect food availability, whereas those of males also reflect access to mates (Gehrt and Fritzell 1998; Macdonald 1983; Sandell 1989) . Gompper (1997) suggested that coatis might be an exception to this generalization because males need only to be concerned about spatial distribution of female coatis during the mating season. But this may not be the case for 2 reasons. First, if a male waited until the mating season to learn where females are most likely to be located, he might miss mating opportunities. This may be more important where home ranges are large, as in this study, than where home ranges are much smaller, as in the tropics. Second, because male home ranges overlap those of their natal troop (Gompper 1997 ; this study), males need to know where other troops are located to avoid mating with close relatives.
Another reason for the large home ranges of coatis in this study may be to maintain familiarity with a large area. The Madrean habitats of coatis at the northern part of their distribution are subject to frequent forest fires (Fule and Covington 1998) . Such fires affect the availability of forest cover, fruits, and leaf-litter invertebrates (Kalisz and Powell 2000) . During April 1999, a portion of 1 troop's home range burned. The troop was not located in the burned area from April 1999 to May 2000, although it was observed there 6 times between November 1998 and March 1999. Periodic droughts also affect the availability of food and water resources. Coatis appeared to use the periphery of their ranges at great risk; possibly, this risk was weighed against the advantages of increased familiarity with surrounding areas.
The density of coatis declined by 67% during the study, due to both loss of troops and loss of animals within troops. Troops with Ͻ4 adult females suffered significantly higher rates of predation than did those with more females (Hass and Valenzuela 2002) . Four troops that disappeared had 4 or fewer adult females when last observed. During a long-term study in Panama, Gompper et al. (1997b) documented a similar die-off of coatis, in which the smallest troops went extinct after an apparent food shortage. In spite of decreased density, remaining troops in this study did not expand or shift their home ranges, as has been reported for bobcats (Griffith and Fendley 1986) but not coyotes (Kitchen et al. 2000) . The high incidence of predation in peripheral areas may indicate the value of familiarity with an area (Gosling 1986; Metzgar 1967) . Coatis on Barro Colorado Island demonstrated noticeable agitation when observed outside their normal home-range boundaries, to which they quickly returned (Kaufmann 1962) .
In simulation experiments, cross-validated fixed-kernel estimates had lower bias and standard deviations than did estimates calculated using a reference bandwidth (Seaman and Powell 1996) . Calculation of home ranges of coatis using cross-validated bandwidths resulted in many cores and isolated satellite areas. Coatis often were observed to spend several days in an area before moving on to a new area. These higheruse areas were identified with the cross-validated technique; however, coatis were observed foraging as they moved from area to area. Because these areas were available to and used by coatis, I chose an estimator that smoothed contours to include these areas. Core areas identified using cross validation may have shown less intrasexual overlap; however, both males and troops occasionally associated with their neighbors, including within core areas, so core areas were not exclusive regardless of method of calculation. In Panama, Kaufmann (1962) found no intrasexual overlap of core areas. But his study took place dur-ing a population decline. In my study, as the population declined, the degree of overlap also declined, particularly among core areas. LITERATURE CITED
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